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Ab s t r Ac t
The objective of the present study was to examine the effect of different concentrations of ovarian peptides Amphiregulin (AREG) or 
Neuregulin-I (NRG-I) or Tumour necrosis factor (TNF-α) on in vitro maturation of ovine oocytes collected from different sizes of ovarian 
follicles. Oocytes isolated from different ovarian follicles (large antral follicles (LAFs>4mm), medium antral follicles (MAFs<1 mm) and 
small antral follicles (SAFs,1-4mm)] were cultured with medium supplemented with different concentrations viz. 0 (control), 5, 10, 25, 
50, 100, and 150 ng of either AREG or NRG-I or TNF-α in a carbon dioxide incubator for 24 h. Maturation rate assessment was done 
based on the degree of expansion (cumulus expansion score) and extrusion of the first polar body. The maturation rate of oocytes was 
significantly (p < 0.05) higher in groups exposed to 50 ng, 100 ng and150 ng of AREG in oocytes isolated from LAFs; 100 ng and150 ng of 
AREG in oocytes isolated from both MAFs and SAFs. The maturation rate of oocytes isolated from LAFs, MAFs and SAFS was significantly 
(p < 0.05) higher in the groups exposed to 25 ng, 50 ng, 100 ng and 150 ng of NRG-I; 50 ng,100 ng and 150ng of NRG-I, respectively. The 
maturation rates were significantly (P<0.05) higher in the oocytes cultured with 25 ng of TNF-α in oocytes isolated from both LAFs and 
MAFs and 5 ng and 10 ng of TNF-α in oocytes isolated from SAFs. The results indicated growth factors AREG/NRG-I/TNF-α improved 
the oocytes maturation in-vitro.
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In t r o d u c t I o n

Ovarian folliculogenesis is a dynamic process characterized 
by proliferation and differentiation of the somatic 

cell components mainly regulated by gonadotropins. In 
addition to this, a variety of locally active peptide/protein /
growth factors are also known to be produced by ovarian 
follicles. These factors can either interact by autocrine or 
paracrine or juxtacrine or intracrine fashion. Despite being 
recognized as soluble physiologically active compounds, 
they are generated as integral membrane precursors with a 
single membrane-spanning domain (Yardenand Slwikowski, 
 2001). 

In-vitro maturation (IVM) of oocytes is a technique 
required for laboratory production of embryos. Several 
ovarian peptides, including AREG and NRG-1, have been 
found to increase cumulus expansion and oocyte maturation 
through paracrine factors released by oocytes in-vitro (Richani 
et al., 2013 and Noma et al., 2011). Removal of the immature 
oocytes from different size follicles decreased surrounding 
somatic cells (granulosa and theca cells) effects on oocyte 
maturation. Mimicking the ovarian follicle system in vitro by 
employing Epidermal growth factor (EGF) like peptides on 
oocytes was a challenge for making IVM successful (Gall et 
al.2004). Furthermore, Conti et al. (2012) reported that the 
influences of EGF-like growth factors such as Amphiregulin 
(AREG) and Neuregulin-I(NRG-I) on oocyte nuclear and 
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cytoplasmic maturation were indirect and dependent on 
cumulus cells.
On the other hand, Sugimura et al. (2014) suggested that 
AREG cooperated with Bone Morphogenetic Protein-15 
(BMP-15) to improve the oocyte developmental competence. 
According to Soares et al. (2015), AREG stimulated nuclear 
maturation faster, and deletion of the Amphiregulin (AREG) /  
Epidermal growth factor receptor (EGFR) resulted in the 
inhibition of oocyte maturation. Thus, the objective of the 
present study was to examine the effect of AREG or NRG-I or 
TNF-α at different concentrations (0, 5,10, 25,50,100,150 ng/
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mL) on in vitro maturation of ovine oocytes collected from 
different sizes of ovarian follicles.

MAt e r I A l s A n d Me t h o d s

Chemicals used in the present study were procured from 
Sigma chemicals, MO, USA.

Collection and Evaluation of Oocytes from Surface 
Antral Follicles 
The ovine (sheep) ovaries collected from a civil slaughterhouse, 
Bangalore, Karnataka, India, were brought to the laboratory in 
warm (32 to 33oC) normal saline supplemented with gentamicin 
(50 µg/mL). The visible ovarian follicles were classified into: 
small antral follicles (SAFs, <1 mm), medium antral follicles 
(MAFs,1–4mm), and large antral follicles (LAFs, >4 mm)  
(Bari et al., 2011). The oocytes were retrieved from the different 
classes of follicles and tested for viability using the trypan 
blue (0.05% for 2 minutes) staining technique (Gupta et al., 
2002). Viable oocytes surrounded by a compact multi-layered 
cumulus with more than three layers of cumulus cells and  
a homogeneous ooplasm were chosen for further study 
(Nandi et al., 2006).

In-vitro Maturation of Oocytes
Oocytes were washed once with the aspiration medium, 
consisting of tissue culture medium-199 (TCM-199), 0.3% 
Bovine serum albumin, gentamicin (50 µg/mL), plus heparin 
(100 µg/mL). The oocytes were then transferred in groups 
(5–10/Group) into 50 µL droplets of IVM culture medium in a 
35 mm petridish consisting of oocyte maturation medium. 
The control medium consisting of tissue culture medium-199 
(TCM-199), supplemented with 10% fetal bovine serum (FBS), 
10 µg/mL of follicle-stimulating hormone (FSH), and 50 µg/mL 
of gentamicin. Oocytes isolated from LAFs, MAFs and SAFs 
were exposed with different doses (0-control, 5ng, 10ng, 
25 ng, 50 ng, 100 ng, 150 ng) of AREG or NRG-1 or TNF-α. The 
droplets containing oocytes were then covered with warm 
(38.5oC) mineral oil, and the petridishes were placed in a CO2 
incubator (38oC, 5 % CO2 in air, 90-95 % relative humidity) 
for 24 hours. 

Assessment of Oocyte Maturation
Cumulus expansion was assessed at 24 hours of IVM 
according to the visual assessment of the degree of expansion  
(cumulus expansion score). Degree-0: no expansion; 
Degree-1: moderate expansion, cumulus cells were non-
homogeneously spread, and clustered cells were still 
observed, and Degree-2: fully expanded, cumulus cells were 
homogeneously spread and clustered cells were no longer 
present (Nandi et al., 2006). The parameters of oocytes 
maturation were the visualization of extrusion of a first polar 
body in the perivitelline space and expansion of cumulus 
cell layer (Nandi et al., 2002). The oocyte viability was again 
determined by trypan blue staining technique and was found 
90–95%. 

Statistical Analysis
Data analysis was done by using the software SPSS-17. 
Differences between the mean maturation of oocytes were 
analyzed using one-way analysis of variance (ANOVA), and the 
respective means were compared using Bonneforni Multiple 
comparison test (Graph Pad Prism, Graph Pad Software Inc., 
San Deigo, USA). The percentage values were subjected to 
arcsine transformation before statistical analysis. Differences 
between the mean values were considered significant when 
the P-values were less than 0.05.

re s u lts A n d dI s c u s s I o n

Effect of AREG on In-vitro Maturation of Oocytes 
Isolated from LAFs, MAFs, and SAFs 
In the present study, the maturation rate of oocytes isolated 
from LAFs in medium containing 50, 100 and 150 ng of AREG 
was significantly higher than those observed in control and 
lower concentrations of AREG treated groups (Table 1). This 
observation of higher oocytes maturation rate in oocytes 
collected from the LAFs of AREG treated groups of the present 
study could be because oocytes from large follicles had greater 
developmental competence than oocytes from SAFs, where 
it required additional pre-maturation before reaching final 
maturation due to gonadotrophin surge (Caixeta et al., 2009).  

Table 1: Effect of AREG levels on in vitro maturation of oocytes isolated from LAFs, MAFs and SAFs

Treatment
(AREG; ng/mL)

LAFs MAFs SAFs

Oocytes n (%) Maturation rate n (%) Oocytes (n) Maturation rate n (%) Oocytes n (%) Maturation rate n (%)

0-Control 57 48 (84.45 ± 1.55)a 57 42 (73.25 ± 1.55)a 50 28 (56.25 ± 1.54)a

AREG (5 ng) 75 62 (83.32 ± 1.89)a 67 49 (73.12 ± 1.89)a 58 33 (57.12 ± 1.29)a

AREG (10 ng) 76 63(84.45 ± 0.94)a 69 51(73.85 ± 0.94)a 67 37(55.85 ± 1.14)a

AREG (25 ng) 59 50 (85.32 ± 1.11)a 62 47 (75.22 ± 1.11)a 56 30 (53.22 ± 1.41)a

AREG (50 ng) 59 53 (89.45 ± 1.67)b 61 44 (72.35 ± 1.67)a 57 33 (57.35 ± 1.27)a

AREG (100 ng) 67 59(88.24 ± 1.95) b 70 56(80.14 ± 1.95)b 59 37(62.14 ± 1.18)b

AREG (150 ng) 50 44 (88.35 ± 1.78) b 51 40 (78.95 ± 1.78)b 54 35(64.95 ± 1.32)b

Values with different superscript differ significantly (p < 0.05) within column. 
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Ambekar et al. (2015) postulated a strong link between the 
accumulation of AREG in the large follicles and the proper 
maturation of oocytes. The maturation of oocytes collected 
from MAFs was significantly increased in 100 and 150 ng of 
AREG compared to those observed in control and other groups 
with AREG. Our results agreed with reports of Richani et al. 
(2014), wherein EGF-peptide/EGFR and cAMP–PKA signaling 
pathway cross-talk causing intercellular communication 
in the oocytes were necessary for oocytes developmental 
competence. It was observed that the maturation of 
oocytes recovered from SAFs was considerably higher in the  
groups exposed with 100 and 150 ng of AREG than those 
observed in control and lower concentrations of AREG-treated 
groups. This could be due to the beneficial role of AREG on 
the synthesis of cAMP, oocytes paracrine factors, BMP15 and 
GDF9 in developing oocytes derived from small antral follicles, 
which collectively promoted EGFR signaling and enhanced 
oocytes developmental competence (Sugimura et al., 2015). 
Furthermore, oocytes from SAFs matured at a lower rate  
than oocytes from MAFs and LAFs, which could be because 
oocytes from small antral follicles were inherently unresponsive 
to the full range of EGF family ligands that oocytes acquired 
EGF responsiveness with advancing folliculogenesis  
(Ritter et al., 2015). 

Effect of NRG-I on In-vitro Maturation of Oocytes 
Isolated from LAFs, MAFs, and SAFs 
The maturation rate of oocytes isolated from LAFs in 
medium containing 25, 50, and 100 or 150 ng of NRG-I was 
significantly higher than those observed in control and 
lower concentrations of NRG-I treated groups (Table 2). The 
maturation of oocytes collected from MAFs was significantly 
increased in groups exposed to 50,100 and 150 ng of NRG-I 
compared to those observed in control and other lower 
concentrations groups. This beneficial role of NRG-I might be 
because NRG-I stimulated oocytes glycolysis and cumulus–
oocytes gap-junctional communication, which facilitated the 
transfer of metabolites from cumulus cells to the oocytes, 
leading to increased oocytes mitochondrial activity necessary 
for oocytes developmental competence (Sugimura et al., 2014).  
Further, in the present study, oocytes from MAFs showed 

significantly lower oocyte maturation than oocytes collected 
from LAFs and higher than oocytes collected from SAFs. 
This supported the findings of Lesley et al. (2015), wherein 
oocytes from LAFs and MAFs exhibited more phosporylation 
of ERK1/2 compared to oocytes from SAFs. The maturation 
rate of oocytes collected from SAFs revealed no significant 
difference when compared between control and groups with 
5 ng or 10 ng of NRG-I and between 25 ng and 50 ng of NRG-I. 
However, compared to control and lesser concentrations of 
NRG-I treated groups, the maturation rate was considerably 
higher in the group with 150 ng of NRG-I. This might be due 
to the responsiveness of oocytes from small antral follicles 
to the EGF-like peptide that improved their developmental 
competence (Ritter et al., 2015). 

Effect of TNF-α Levels on In-vitro Maturation of 
Oocytes Isolated from LAFs, MAFs, and SAFs 
The maturation rate of oocytes collected from LAFs revealed 
significantly (P<0.05) higher in the group exposed to 25 ng 
of TNF-α compared to those observed in control and other 
groups of TNF-α (Table 3). The observation made in this study 
supported Xiao et al. (2001), wherein TNF-α stimulated the 
production of protein, which promoted oocyte maturation 
and ovulation. Further, in the present study, the maturation of 
oocytes was considerably lower in the groups cultured with 
higher doses of TNF-α compared to control and groups with 5, 
10, and 25 ng of TNF-α. As previously reported by Glister et al.  
(2014), TNF exerted its apoptotic effects through the Type I 
receptor (TNFR1), whereas other pro-inflammatory impacted 
growth and differentiation were mediated through the Type 
II receptor (TNFRII). The observation made in this study 
coincided with Ma et al. (2006) findings, wherein TNF-α 
damaged the meiosis spindle structure during porcine oocyte 
maturation. The maturation rate of oocytes isolated from 
MAFs was found to be significantly (P<0.05) higher in a group 
consisting of 25 ng of TNF-α compared to those observed in 
control and other groups with TNF-α. It was reported that 
TNF-expression in cumulus cells was significantly higher in 
oocytes with low competence (Assidi et al., 2008).

Furthermore, the maturation of oocytes was found to 
be significantly lower in the higher doses of TNF-α, which 

Table 2: Effect of NRG-1 levels on in vitro maturation of oocytes isolated from LAFs, MAFs and SAFs

Treatment
(NRG-I; ng/mL)

LAFs MAFs SAFs

Oocytes (n) Maturation rate n (%) Oocytes (n) Maturation rate n (%) Oocytes (n) Maturation rate n (%)

0-Control 64 52 (81.64 ± 1.43)a 65 47 (72.15 ± 0.90)a 44 23 (54.09 ± 1.7)a

NRG-I(5 ng) 52 42 (80.43 ± 1.76)a 53 37 (69.98 ± 1.64a 62 34 (56.46 ± 1.18)a

NRG-I(10 ng) 81 66 (81.81 ± 1.43)a 81 57 (70.64 ± 1.76) a 65 35 (54.72 ± 0.85)a

NRG-I(25 ng) 64 56 (87.69 ± 1.32)b 64 47 (73.18 ± 1.63)a 55 31 (57.61 ± 1.68)b

NRG-I(50 ng) 59 52 (88.54 ± 1.84)b 62 49 (79.55 ± 1.39)b 57 33 (57.96 ± 1.16)b

NRG-I (100 ng) 66 57 (86.47 ± 1.32)b 64 51 (79.85 ± 1.37)b 54 32 (61.22 ± 1.54) c

NRG-I (150 ng) 58 51 (87.87 ± 1.87)b 57 44 (77.19 ± 1.38)b 50 33 (66.17 ± 1.59) d

Values with different superscripts differ significantly (p < 0.05) within column.
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could be due to TNF-α impaired microfilament distribution 
and nucleus status with higher concentrations of TNF-α  
(Ma et al., 2010). When the oocytes were isolated from SAFs, 
the maturation was significantly lower in 25, 50, 100 and 150 
ng of TNF-α when compared to those observed in control and 
groups with a lower concentration of TNF-α. The observation 
made in this study agreed with the findings of Ma et al. (2010), 
wherein TNF-α inhibited the maturation rate of oocytes and 
impaired the quality of oocytes that reached the MII stage 
with increased concentrations.

co n c lu s I o n s

It can be concluded that AREG 100 and 150 ng, NRG-1 from 25 
to 150 ng, and TNF-α at 25 ng enhanced in vitro maturation 
of ovine oocytes collected from medium and large-sized 
antral follicles. This knowledge has significant implications 
for improving the developmental competence of oocytes 
derived from small follicles.
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